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To investigate the origin of the enhanced Tc (≈ 110 K) of the trilayer cuprate superconductor
Bi2Sr2Ca2Cu3O10+δ (Bi-2223), we have performed systematic magnetoresistance (MR) mea-
surements on this superconductor, as well as on the bilayer superconductor, Bi2Sr2CaCu2O8+δ
(Bi-2212). The in-plane coherence length, ξab, and the specific-heat jump, ∆C, have been
estimated using the theory of renormalized superconductive fluctuations, and the doping de-
pendence of these parameters has been qualitatively explained using the Fermi arc approach.
A detailed comparison of the superconducting parameters with Tc for these compounds sug-
gests that an additional superconducting condensation energy exists, due to an increase in the
number of stacking CuO2 planes in a unit cell.
1. Introduction
It is desired that the superconducting transition temperature, Tc, of high-Tc cuprates be
further increased in order to extend their field of potential applications. It is empirically
known that Tc increases with an increased number, n, of CuO2 planes in a unit cell.1) Re-
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cently, nuclear magnetic resonance (NMR) measurements have revealed2) that long range
antiferromagnetic order and high-Tc superconductivity coexists in a single CuO2 plane for
multilayered (n ≥ 3) high-Tc cuprates, thereby implying that they are intimately related. This
finding has greatly motivated the study of the microscopic mechanism behind this response.
In order to examine this process in greater detail, the “Bi family”, i.e., Bi2Sr2CuO6+δ (Bi-
2201: n = 1), Bi2Sr2CaCu2O8+δ (Bi-2212: n = 2), and Bi2Sr2Ca2Cu3O10+δ (Bi-2223: n = 3), is
the best choice, since large and high-quality Bi-2223 single crystals grown using the traveling
solvent floating zone (TSFZ) method are now available.3) To date, several spectroscopic mea-
surements, including angle-resolved photoemission spectroscopy (ARPES)4–7) and interlayer
tunneling spectroscopy (ITS),8) have been performed on Bi-2223 single crystals. All of these
studies have reported a larger superconducting gap, ∆SG, for Bi-2223 than those of Bi-2212
or Bi-2201. Sato et al.4, 5) have shown that ∆SG scales with Tc among the optimally doped Bi-
family compounds, pointing out that the greater pairing strength is responsible for the higher
Tc of Bi-2223. On the other hand, Feng et al.7) have observed that ∆SG and the single-particle
coherent weight, zA, which is regarded as a measure of the superfluid density, ρs (or phase
stiffness),9) both scale linearly with Tc. Based on this observation, they strongly emphasized
the importance of the phase stiffness in raising Tc, which is consistent with the original idea
of Emery and Kivelson10) and the well known “Uemura’s plot”.11, 12) Therefore, it is very im-
portant to check this scaling using different procedures, and to investigate whether or not the
scaling relations among different n-values can be extended to non-optimal doping states.
In the simple BCS theory, ∆SG is correlated with the in-plane coherence length, ξab, via
ξab ∝ ~vF/∆SG, where vF is the in-plane Fermi velocity. Therefore, we can regard ξ−1ab as be-
ing a measure of ∆SG. Conventionally, ξab is obtained by the direct measurement of the upper
critical field, Hc2, at the lowest temperature, or by an extrapolation of Hc2 near Tc to absolute
zero using the Werthamer-Helfand-Hohenberg (WHH) theory.13) However, the Hc2 of high-Tc
cuprates in many cases exceeds 100 T and, thus, we cannot determine this value directly. The
resistive transition shows the broadening behavior under a magnetic field and, therefore, the
WHH theory cannot be applied. In high-Tc cuprates, ξab is extremely short (10 - 30 Å) and Tc
is high. Furthermore, strong magnetic fields applied perpendicular to CuO2 planes quantize
the orbitals of the Cooper pairs to Landau levels, which causes a reduction in the fluctuation-
freedom by two dimensions, meaning that, for extremely two-dimensional high-Tc cuprates,
the fluctuation-freedom effectively becomes zero-dimensional. All these facts strongly en-
hance the superconductive fluctuations, therefore the non-linear term (|ψ|4 term, with ψ the
order parameter) in the Ginzburg-Landau (GL) free energy cannot be ignored, even for tem-
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peratures other than Tc. Ikeda, Ohmi, and Tsuneto (IOT) have succeeded in describing this
“critical fluctuation” region, taking the non-linear term into account, and have interpreted the
experimentally observed broadening behavior in the resistive transitions very well.14) Because
this theory contains ξab as a parameter, we can obtain the value of this term by numerically
fitting the resistive transition curves under the magnetic fields.15, 16) The superfluid density, ρs,
is proportional to 1/λ2L, where λL is the in-plane London penetration depth, and λL is corre-
lated with the specific-heat jump, ∆C, via the GL formula λL/ξab = φ0/(2piξ2ab
√
8piTc0∆C).14)
Here, φ0 is the flux quantum and Tc0 is the mean-field superconducting transition tempera-
ture. Therefore, ρs can be estimated if we know ∆C. Since the excess conductivity due to the
superconductive fluctuation is reflected in the appearance of the order parameter amplitude,
〈|ψ|2〉, due to the thermodynamic fluctuations, ∆C, which is a typical thermodynamic quan-
tity accompanied by the superconducting transition, naturally included in the IOT theory.14)
Therefore, the value of ∆C is also obtained by fitting the resistive transition curves under the
magnetic fields.15, 16)
In this paper, we measure the in-plane resistive transition for variously doping-controlled
trilayer Bi-2223, as well as bilayer Bi-2212, under various magnetic fields, B, parallel to the
c-axis, (B ‖ c). The data are analyzed using the superconducting-fluctuation-renormalized
Ginzburg-Landau (GL) theory (IOT theory).14) Subsequent analysis enables us to estimate
superconducting parameters ξab and ∆C. By using these parameters, 1/λ2L (∝ ρs) is estimated.
Then, ξab and 1/λ2L are compared with previously reported values and the doping dependence
of these parameters is determined. Finally, we show the correlations of these parameters with
Tc for Bi-2212 and Bi-2223, and discuss the implications of these results.
2. Experimental Details
High-quality single Bi-221217) and Bi-2223 crystals were grown using the TSFZ method.
The Bi-2212 samples used here are the same as those reported in ref. 17, apart from one (sam-
ple B), while the Bi-2223 crystals were grown under slightly different conditions to those of
earlier reports,3, 18) details of which will be published elsewhere. The Bi-2223 crystals were
then subjected to annealing in a similar manner to that given in ref. 18, in order to variously
control their doping levels. However, the precise doping levels, p, were not determined, be-
cause Bi-2223 has two crystallographically inequivalent CuO2 planes with different p ,19) and
thus an empirical relation20) could not be applied. Instead, we simply judged the optimally
doped level by monitoring the maximum Tc. Further doping caused a slight reduction in Tc,
which is somewhat different from the findings of our earlier report.18) This difference may be
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Fig. 1. (color online). In-plane resistivity, ρab, for optimally doped (a) Bi-2212 and (b) Bi-2223. Solid straight
lines, ρlinear, linear extrapolations of ρab at higher temperatures, are included to guide the eye. Arrows indicate
the temperatures, T ∗ρab , which are defined as the temperatures at which ρab decreases by 1% from the high
temperature linear behavior (ρlinear). Solid inverted triangles are theoretical fits and ρn represents the in-plane
resistivity when superconductive fluctuation effects are absent.
attributed to the adoption of different growth conditions. The ρab measurements were carried
out using a DC four-terminal method, and magnetic fields, B, of up to 17.5 T were applied
parallel to the c-axis with a superconducting magnet.
The numerical analysis was performed in two steps. First, the zero-field, ρab, data was
analyzed using the formula, ρab = 1/(ρ−1n +σ2D−AL), where ρn is the in-plane resistivity when
superconductive fluctuation effects are absent and σ2D−AL is the zero-field two-dimensional
(2D) Aslamazov-Larkin (AL) form21) for the superconductive fluctuation. (Here, σ2D−AL =
e2−1/16~d, where  is the reduced temperature and  = ln(T/Tc0), while d is the interlayer
spacing.) The d values were set to 15.4 and 18.5 Å for Bi-2212 and Bi-2223, respectively.
In this study, ρn is simply assumed to be ρn = aT + b. We did not use a C factor (i.e., C
= 1),22) which is defined by the ratio of the actual ρab of an imperfect crystal to an ideal
crystal and, thus, it phenomenologically adjusts the magnitude of the fluctuation conductivity
(σ2D−AL → σ2D−AL/C). We optimized Tc0 and ρn to reproduce the zero-field data. Next, the in-
plane resistive transitions under various magnetic fields were analyzed using the expression
for the excess conductivity, σ f l, derived from the IOT theory.14) The value of the out-of-
plane coherence length, ξc, was set to 0.1 Å for all samples, because the theoretical curve is
insensitive in the region of this value.15) In the analysis, we first optimized ∆C to reproduce the
resistivity data roughly. Then, we optimized ξab to reproduce the data well, and this process
was repeated until a satisfactory fit was obtained. In this way, we systematically estimated
∆C and ξab for Bi-2212 and Bi-2223 with their doping levels variously controlled.
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3. Results and Discussion
Figure 1 (a) and (b) shows the temperature dependence of the zero-field in-plane resistiv-
ities, ρab, for optimally doped Bi-2212 (2OPT89) and Bi-2223 (3OPT107), respectively. In
both systems, ρab shows a typical downward deviation from high-temperature linear behavior
(ρlinear) below a certain temperature T ∗ρab . T
∗
ρab
is estimated to be 153 and 206 K for 2OPT89
and 3OPT107, respectively. We have attributed this downward deviation to the opening of the
pseudogap .17, 18, 23) A slightly higher T ∗ρab in Bi-2223 implies that the inner CuO2 plane is less
doped compared to the outer CuO2 planes,19) or that the pseudogap of Bi-2223 is larger than
that of Bi-2212.4) Numerical fits using the 2D AL form, σ2D−AL, for the superconductive fluc-
tuation were performed, dealing with Tc0 and ρn as free parameters, and very good fit results
were obtained, which are shown in Fig. 1 (a) and (b). Tc0 is slightly higher than the observed
temperatures at zero resistivity, which may be a reflection of the extreme 2D nature of the
sample .24) One may notice that the slope of ρn is steeper than that of ρlinear for both Bi-2212
and Bi-2223. Similar analysis has been performed on the samples whose doping levels have
been varied and the results are summarized in Table I. The trend that the slope of ρn is steeper
than that of ρlinear is conspicuous for the underdoped samples. This result reconfirms the fact
that ρab deviates from high-temperature T -linear behavior and decreases rapidly due to the
opening of the pseudogap, before being affected by superconductive fluctuation effects upon
cooling.
Before conducting the data analysis of the results obtained under magnetic fields, let
us briefly show the form of σ f l. In the IOT theory, ψ is expanded in terms of the Landau
orbitals, φnp0kz , where n is the quantum number of the Landau levels, p0 denotes the center
of the orbitals, and kz is the wavenumber in the magnetic field direction. By computing the
current-current correlation function between the Landau orbitals, σ f l is obtained as follows14)
σ f l = σ
f l
0 + δσ
f l, (1)
σ
f l
0 =
e2
2~ξc
h2
∞∑
n=0
n + 1
(µn+1R − µnR)2 ( fn + fn+1 − 2 fn+ 12 ), (2)
where
fn =
1√
µnR(1 + d
2
4ξ2c
µnR)
,
fn+ 12 =
1√
1
2 (µnR + µn+1R)(1 +
d2
4ξ2c
1
2 (µnR + µn+1R))
,
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Table I. Several in-plane properties for samples A-E (Bi-2212) and F-K (Bi-2223): Tc (defined by the onset
of zero resistivity); pseudogap opening temperature, T ∗ρab; high-temperature ρab linear extrapolation, ρlinear;
normal-state resistivity without superconductive fluctuation, ρn; mean-field transition temperature, Tc0; and
number of holes at Cu atom, p. The doping level, p, of the Bi-2212 samples was obtained using the empiri-
cal relation proposed by Tallon.20) For Bi-2223, p could not be obtained (see text). Samples are labeled by (i)
material, (ii) doping levels, and (iii) Tc.
Sample A B C D E F G H I J K
Label 2UD66 2UD70 2OPT89 2OD79 2OD65 3UD83 3UD90 3AS99 3AS103 3OPT107 3OD104
Tc(K) 65.9 69.5 89 79 65 83 90 99 103 107 104
T ∗ρab(K) 209 193 153 - - - 226 210 206 206 168
ρlinear(µΩcm) 2.28T 1.6T 1.16T - - - 1.5T 1.75T 0.7T 1.18T 1.18T
+252 +117 +2 - - - +45 -18 +20 +3 -3
ρn(µΩcm) 3.75T 2.4T 1.615T 1.03T 1.12T 2.00T 2.20T 2.35T 1.15T 1.75T 1.25T
+35 +5 -57 -27 +15 +60 -90 -115 -50 -90 -10
Tc0(K) 74 76.5 95 83.5 68 90.5 96.2 108.2 109.5 111 107.8
p(perCu) 0.11 0.116 0.16 0.2 0.22 - - - - - -
h = (
ξab
r0
)2, r0 =
√
φ0
2piB
.
Based on a tentative estimation, the non Gaussian term, δσ f l,14) appearing in Eq. (1) was
found to be very small in the temperature region in question. Therefore, this term was ne-
glected throughout our calculations. Here, µnR is the renormalized “mass” term of the n-th
Landau level and is approximately expressed using the renormalized “mass”, µ0R, of the low-
est Landau levels such that
µnR ≈ µ0R + 2nh, (3)
µ0R = µ0 +
g3√
λ(β20 − 1)
+
λ
√
β20 − 1
8β0
[
ln
γ+
α+
+
α − β0√
β20 − 1
ln
( β0γ + √(β20 − 1)(γ2 − 1) − 1
β0α +
√
(β20 − 1)(α2 − 1) − 1
)]
, (4)
µ0 =  + h, (5)
where,
α = 2β20 − 1, γ = α +
8g3β0√
λ3(β20 − 1)
,
α+ = α +
√
α2 − 1, γ+ = γ +
√
γ2 − 1,
β0 = 1 +
2
λ
µ0R, λ = (
2ξc
d
)2, g3 =
kB
∆C
B
φ0ξc
.
Figure 2 (a)-(e) shows the in-plane resistive transition under various magnetic fields for
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Fig. 2. (color online). In-plane resistive transitions of single-crystal Bi2Sr2CaCu2O8+δ (Bi-2212) samples (a)
A, (b) B, (c) C, (d) D, and (e) E. Magnetic fields of up to 17.5 T were applied perpendicularly to the CuO2
planes. Theoretical fits are shown as solid circles and the parameters used for the fits are shown in the figures.
variously doping-controlled Bi-2212. With the fixed ρn and Tc0 obtained in the zero-field
analysis, theoretical fits using the formula, ρab = 1/(ρ−1n + σ
f l), were performed with the ad-
justable parameters, ξab and ∆C. The obtained results are also shown in the figure. The value
of ∆C determines the overall magnitude of the excess conductivity, σ f l, and therefore deter-
mines the gross features at the superconducting transition. On the other hand, the magnitude
of ξab determines the magnetic-field-dependent fine shape of the transition curve (parallel-
shift-like or fan-shaped). The fitting reproduces the characteristic features of the data very
well, apart from within the low temperature region, where a vortex motion plays some role in
the dissipation. However, this is beyond the range of application for the theory.
The obtained ξab is plotted as a function of p in Figure 3 (a). Upon doping, ξab first
decreases in the underdoped region, reaching a minimum in the vicinity of the optimal doping
value, and then increases in the overdoped region. Here, we compare the results with those
for YBa2Cu3Oy (YBCO)25) estimated from magnetotransport measurements. At the optimal
doping, the ξab of both systems are at almost the same value and the doping dependence is
quite similar (i.e., ξab decreases with increasing doping in the underdoped region) but, in the
YBCO case, anomalies around p = 0.125 are clearly observed. On the other hand, our results
disagree with those generated from Nernst measurements.26) Thus, the doping dependence of
ξab is not definitively confirmed at present.
Figure 3 (b) shows ∆C/Tc as a function of p. It increases with increased doping up to
the optimal value, but it saturates in the overdoped regime. The overall trend of this result
agrees with direct thermodynamic measurements,27) apart from the fact that saturation oc-
curs at p = 0.16 in our sample while, according to the thermodynamic data, it occurs at p =
0.19. The reason for this discrepancy in the experimental data is not clear at this stage. By
7/15
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Fig. 3. (color online). (a) Plots of ξab as functions of p for Bi-2212. The dashed line (solid circles) shows
YBCO data.25) (b) Plots of ∆C/Tc as a function of p for Bi-2212. The dashed line (solid inverted triangles)
shows data from specific heat measurement.27) (c) Plots of 1/λ2L as functions of p for Bi-2212. The dashed line
(solid diamonds) shows data from ac susceptibility measurement.28)
using the obtained values of ξab, Tc0, and ∆C, 1/λ2L (∝ ρs) is estimated via the GL formula
shown in the introduction. Figure 3 (c) shows the results along with those from ac susceptibil-
ity measurements.28) It is found that 1/λ2L increases with increased doping up to the optimal
value and then saturates or slightly increases in the overdoped region, although the data scat-
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ters. The doping dependence agrees well with the ac susceptibility measurements, but the
obtained values are approximately twice as large as those of ref. 28. The difference might be
attributable to the difference in the measurement method or in the sample forms (single crys-
tals vs. aligned powders). The good fitting results produced without the use of a C factor,22)
as well as the agreement between the obtained superconducting parameter and the literature
values, indicate that the obtained parameters are reasonable.
In the following, we interpret the obtained results. For the 2D free electrons, the BCS
theory gives ξab ∝ ~vF/∆SG. In hole-doped high-Tc cuprates, however, the Fermi surface is
anisotropic29) and, thus, the vF value should be replaced by the averaged value over the Fermi
surface. For simplicity, we assume here that the averaged vF value does not change signif-
icantly between different doping states.30) Consequently, ξ−1ab may be regarded as a measure
of ∆SG. In the overdoped region, ξab increases upon doping, which is consistent with the ob-
servation that ∆SG decreases.31, 32) In the underdoped region, on the other hand, ξab increases
with underdoping which, at first glance, contradicts the general observations that ∆SG in-
creases.31, 32) However, these behaviors may be reconciled as follows. In hole-doped high-Tc
cuprates (especially in the underdoped states), the pseudogap develops from approximately
the (pi/a, 0) and (0, pi/a) direction, resulting in the so-called ‘Fermi arc’.33) Therefore, the
d-wave superconducting gap is restricted to opening mainly on the Fermi arc and the gap
amplitude reaches a maximum at the arc edge. Thus, the “effective” gap, ∆SG (hereafter, ∆SG
means the “effective” gap value), is given by ∆SG ∝ La∆0,34) where La is the length of the
Fermi arc. Since La shrinks with decreasing doping,35) ∆SG may decrease, as has been pointed
out by Oda et al.34) This fact explains the increase in ξab with decreasing doping.
We note that the analysis performed in this study is based on the superconductive fluctu-
ation theory considering the thermal fluctuation effect only.14) For optimally doped or over-
doped samples, the dominant fluctuation effect may be the thermal fluctuation effect. How-
ever, for heavily underdoped samples near the superconductor-insulator transition, where ρs
is extremely small, it is proposed that a crossover from the thermal to the quantum regime oc-
curs, because of the dominant superconductive fluctuation contribution.36) Indeed, Ikeda has
succeeded in explaining the resistivity data obtained under magnetic fields for La2−xSrxCuO4
(LSCO) over a broad doping range (including the heavily underdoped region) by taking both
the quantum superconductive and thermal fluctuation effects into account.37) These reports
show that ξab decreases with underdoping. Although we believe that the quantum supercon-
ductive fluctuation effect is not large for our samples, since the doping levels of our samples
are near optimal, the obtained ξab results might be modified if the quantum superconductive
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Fig. 4. (color online). In-plane resistive transitions of single-crystal Bi2Sr2Ca2Cu3O10+δ (Bi-2223) samples
(a) F, (b) G, (c) H, (d) I, (e) J, and (f) K. Magnetic fields of up to 17.5 T were applied perpendicularly to the
CuO2 planes and the theoretical fits are shown as solid circles. The parameters used for the fits are shown in the
figures.
fluctuation effect were taken into consideration.
On the other hand, 1/λ2L is proportional to ρs and, thus, it is related to the electronic
density-of-states (DOS) at the Fermi level. Since pseudogap development depletes the DOS,
1/λ2L is expected to be reduced with underdoping. This is indeed observed in our experiment
and others (Fig. 3 (c)). In this way, the doping dependences of the superconducting parameters
are qualitatively explained by the Fermi arc viewpoint.38)
Figure 4 (a)-(f) shows the in-plane resistive transition and the theoretical fits under var-
ious magnetic fields for variously doping-controlled Bi-2223. In these figures, the obtained
parameters are also shown. It is apparent that the obtained ∆C monotonically increases with
increased doping, up to the optimal point, but it decreases slightly in the overdoped state. On
the other hand, ξab decreases with increased doping, reaching a minimum at the optimal dop-
ing point, and increases slightly in the overdoped state. All these doping-dependent features
are qualitatively similar to those of Bi-2212.
To quantitatively compare these parameters with Tc, plots of Tc vs. 1/λ2L and Tc vs. ξ
−1
ab
are shown in Fig. 5 (a) and (b), respectively, for both Bi-2223 and Bi-2212. We first compare
the optimally doped case. The obtained 1/λ2L values are 55.8 and 44.1 µm
−2 for Bi-2223
(3OPT107) and Bi-2212 (2OPT89), respectively. The ratio of these values (55.8/44.1 = 1.27),
is close to the Tc ratio (107/89 = 1.20). Thus, 1/λ2L (∝ ρs) scales with Tc, which is consistent
with the results of the ARPES measurements.7) The obtained ξab values are 8.5 and 10 Å for
3OPT107 and 2OPT89, respectively and the inverse ratio (10/8.5 = 1.18) is therefore close
to the Tc ratio. Thus, ξ−1ab also scales with Tc. If the relation of ξ
−1
ab ∝ ∆SG holds, this result is
consistent with the ARPES results.4–7)
We next compare the other doping states. One can clearly see that Tc vs. 1/λ2L for both
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Fig. 5. (color online). Relationship between superconducting parameters and Tc for Bi-2212 (solid squares)
and Bi-2223 (solid circles). Plots of (a) Tc vs. 1/λ2L and (b) Tc vs. ξ
−1
ab . The dashed lines in each figure represent
the scaling relations between the superconducting parameters and Tc.
compounds do not fall in one line (Fig. 5 (a)). Moreover, in the underdoped region, the data
for each compound does not extrapolate to the origin. These results imply that the “Uemura’s
plot” (Tc ∝ ρs) condition is not generally satisfied. This fact has already been pointed out
by Tallon et al.39) That is, Tc is not determined by ρs only, and the related phase fluctuation
model10) may not explain the behavior of Tc, even in the underdoped region. On the other
hand, as can be seen in Fig. 5 (b), the Bi-2212 data on ξ−1ab roughly satisfies the scaling relation.
However, the Bi-2223 data deviates from this simple scaling behavior and is always above
that of Bi-2212. Therefore, the pairing strength represented by ξ−1ab does not solely determine
Tc.
In order to further understand this result, let us compare sample G (3UD90) and sample
C (2OPT89). Sample G has much smaller 1/λ2L (ρs) (Fig. 5 (a)) and longer ξab (thus, smaller
∆SG) (Fig. 5 (b)) compared with those of sample C, implying sample G is at an obvious
disadvantage to Sample C as regards the realization of high-Tc superconductivity. However,
the Tc values of both samples are almost the same. This fact suggests that sample G acquires
additional superconducting condensation energy compared to sample C, from some source
other than the in-plane ∆SG (or ρs). The mechanism of this process is an open question,
however, one possible source is the interlayer tunneling mechanism.40, 41) In this model, the
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kinetic energy in the normal state is increased, either due to a non-Fermi-liquid nature or
opening of the pseudogap, while in the superconducting state, the kinetic energy is restored by
the interlayer Josephson coupling, resulting in enhanced Cooper pairing. Thus, the increase
in the number of CuO2 planes results in an increase in the superconducting condensation
energy. To verify this mechanism, more comprehensive studies using various experimental
techniques are needed in the future.
4. Conclusions
In summary, magnetotransport measurements on Bi-2212 and Bi-2223 have been sys-
tematically performed, and superconducting parameters such as ξab and ∆C have been rea-
sonably extracted from theoretical fits of the transition curves. The doping dependence of
these superconducting parameters has been qualitatively explained using the Fermi arc ap-
proach. However, neither the pairing strength (represented by ξ−1ab ) nor the phase stiffness (ρs)
explains the behavior of Tc. Instead, the n-dependence of these parameters suggests that an
additional superconducting condensation energy exists, due to the increase in the number, n,
of CuO2 planes. A successful model for high-Tc superconductivity should consistently ac-
count for these experimental observations, as well as the NMR results (the coexistence of the
antiferromagnetic order and the high-Tc superconductivity).
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